Abstract -In this work, a three-dimensional model of the Lord and Shulman (L-S) generalized thermoelasticity with memorydependent derivative (MDD) and fractional order strain is established. This model is developed by extending classical thermoelasticity models in two aspects: fractional order strain is employed to depict the mechanical phenomena caused by viscoelasticity; while the memory dependence of heat conduction is considered using MDD. The effects of each parameter on the behavior of the field quantities are elucidated and represented graphically. The results show that the introduced parameters make the distribution of the studied fields smoother in comparison with the classical models.
Introduction
In recent years, inspired by the successful applications of fractional calculus in different areas of physics and engineering, generalized thermoelasticity (GTE) models have been further extended into temporal fractional ones [1] [2] [3] to express memory-dependence in heat conductive sense. Recently, Wang and Li [4] proposed a memory-dependent derivative (MDD), which is defined in an integral form of a common derivative with a kernel function on a slipping interval, which is better than the fractional one in reflecting the memory effect (instantaneous change rate depends on the past state). Yu et al. [5] first introduced the MDD instead of fractional calculus into the rate of heat flux in the Lord and Shulman (L-S) theory [6] . More applications on the MDD of thermoelasticity model can be found in references [7] .
On the other hand, ultrafast pulsed lasers have been widely used in engineering, especially in materials processing. Thermal stresses due to laser heating of a material play an important role in materials processing applications where the goal is to alter the microstructure of the material near its surface. A viscoelastic constitutive model is more appropriate for the preheated material in these situations since the temperature in the material adjacent to the surface is close to its melting temperature (rather than melting) [10] . In a latest work, Youssef [11] established a one-dimensional generalized thermoelasticity theory with fractional order strain. Xue et al. [12] conducted nonlocal thermoelastic analysis considering fractional order strain in multilayered structures in the one-dimensional case.
To our knowledge, till now, one-dimensional generalized thermoelastic models with MDD or fractional order strain have been applied to different problems by many researchers with different approaches. Nevertheless, hardly any attempt has been made to investigate the three-dimensional thermoelastic problems considering MDD and fractional order strain, which is very important in materials processing applications. The aim of the present work is to investigate a half-space subjected to a thermal shock under the L-S model with MDD and fractional order strain in three-dimensional. Laplace transform and double Fourier transform techniques and inverse transforms are adopted to get the solutions. Numerical results for temperature, displacement and stress distribution are presented graphically.
Formulation of the Problem And Basic Equations
Consider an isotropic, homogenous thermoelastic half-space which fills the region
The body is initially at rest and has been thermally shocked at the bounding plane x =0 when this surface is assumed to be traction free. Employing the Cartesian co-ordinates (x, y, z), and the components of the displacement vector are
. The basic equations of the theory of L-S model with MDD and fractional order strain in the absence of body forces and heat source, take the following forms:
Memory-dependent heat conduction law [5] :
where 0  is the thermal relaxation time, i q is the heat flux vector, k is thermal conductivity, 0 TT   is the temperature increment and 0 T is the reference temperature. The m order MDD of function f has the form:
of which the kernel function   Kt   and the time delay  are arbitrarily chosen, as a result, providing more possibilities to capture material's real behaviors. In particular, the kernel function can be chosen as [4] .
Stress-strain relation with fractional order strain [11] :
where  and  are Lame's constant, The time fractional derivative is defined as in [13] :
Equation of motion with fractional order strain:
The heat conduction equation with MDD and fractional order strain: (6) where   1   is the Gamma function, i u is the component of the displacement vector, E c is the heat capacity.
Introduce the following non-dimensional variables: 
Applying the above dimensionless variables, Eq. (5) can be written as (dropping the prime for convenience):
In addition, the heat conduction equation and the stress components become:
where
By using Eqs. (9)- (11), we consider the invariant stress to be the mean value of the principal stresses as: 
Applying the Fourier transform to Eqs. (21) and (22), we have the following system of ordinary differential equations: Considering the boundary conditions at infinity, the general solutions of Eqs. (25) and (26) can be written as: 
The general solution of Eq. (33) takes the following form: 
By using the boundary conditions (30), we get:
In the same manner, we can get the other components of displacement.
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To obtain the solutions of the problem in the physical domain, inverse Laplace and double Fourier transforms should be conducted. Firstly, we invert the double Fourier transform using the inversion formula in the literature. Then, the inverse Laplace proposed by Brancik [14] is used.
Numerical Results and Discussion
In this section, we aim at illustrating the numerical results of the analytical expressions obtained in the previous section and elucidating the influence of time-delay, and mechanical relaxation time on the behavior of the field quantities. Fig. 1 that the time-delay has great effects on the temperature: the larger the time-delay, the smoother the temperature distribution, which means the particles transport the heat to the other particles easily and this makes the temperature decreases faster than the other ones. Fig. 2 indicates that although very small, the displacement is also affected by the time-delay due to the change of the temperature. One may get from Fig. 3 that the stress field has the same behavior as the temperature, that is, the distribution of stress becomes smoother as the time-delay increases. In addition, we can also find that the values of temperature, displacement, and the magnitude of stress are higher for y=z=0 than for y=z=0.1, which may be due to the fact that the position y=z=0 is adiabatic owing to the symmetrical condition, whilst the heat can still pass around from other locations. 165-7 . It can be seen that the introduction of the mechanical relaxation time eliminates the discontinuities and sharp points in the distribution of displacement and stress. Although the mechanical relaxation time has great effects on the displacement and stress, the non-dimensional displacement is on the order of 10 -2 , which may further induce temperature change on the same order, i.e. 10 -2 . The influence is much smaller than that of the temperature change on the boundary, i.e. on the order of 10 0 , resulting in little influence on the temperature.
165-8 Also, the results may be presented under different kernel function and fractional order strain parameters to investigate the effects of each parameter, while here we would like to cross this step.
Conclusion
A three-dimensional model of the L-S generalized thermoelasticity with MDD and fractional order strain is established and the study shows that time-delay and mechanical relaxation time have great effects on the thermoelastic responses. The introduction of these parameters makes the discontinuities and sharp points of studied fields disappear, resulting in the curves being smoothed. These findings lay the ground for further applications of ultrafast lasers in materials processing applications.materials processing applications.
